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Abstract 
Several barriers currently exist for students who could be successful in science/STEM careers 
but have not had the support they needed throughout their science/STEM education. This study 
of the literature applies Self-Determination Theory (SDT) to existing research to identify steps 
educators can take to remove these unnecessary barriers for their students. SDT defines 
competence, relatedness, and autonomy as three innate psychological needs that must be met for 
well-being. An exploratory review of the literature was conducted, and findings were organized 
using SDT. The results showed that competence, relatedness, and autonomy were all key factors 
in students’ self-determination of science/STEM careers. Evidence also suggested that these 
factors were nearly all interconnected, with the exception of the effect of competence on 
relatedness. By teaching science/STEM material while also implementing steps to support 
students’ feelings of competence, relatedness, and autonomy, we may be able to bridge the 
gender and racial gaps that exist in science/STEM while also increasing the percentages of 
students who see science/STEM as a viable career path for themselves. 
Key Words: Self-Determination Theory, science education, competence, relatedness, 
autonomy, science confidence, belonging, science identity
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Exploring Factors in Choosing STEM Majors and Careers: Improving Science Education 
Through the Lens of Self-Determination Theory  
For decades, science/STEM education has been a topic of interest to researchers. Specific 
emphasis has been placed on increasing students’ science literacy and increasing the number of 
students who choose to enter STEM careers. Increasing science literacy is important because 
higher science literacy leads students to make more informed decisions as members of society, 
even if they do not choose a STEM career. Further, the more students are supported in their 
STEM experiences, the more likely those students are to enter STEM careers in their futures. It is 
important that we increase the number of students choosing STEM careers, because the STEM 
field is growing and in need of young people to fill open positions. Existing findings give a 
foundation for understanding best practices for teaching science in and outside the classroom. 
Within the classroom, it is important for students to be engaged in practical, hands-on lessons 
with real-world applications (Barmby et al., 2008; Grau Talley & Martinez Ortiz, 2015). Beyond 
the curriculum delivered, students learn best when they have positive relationships with their 
teachers (Heaverlo, 2011) and have developed confidence in their science/STEM abilities (Grau 
Talley & Martinez Ortiz, 2015). 
 Science/STEM activities outside of the classroom, including camps and afterschool clubs, 
have been found to boost confidence and engagement in school science and improve academic 
outcomes (Hebets et al., 2020; Shernoff, 2010; Solberg, 2018). However, a gender gap still exist 
in science/STEM and trends show science/STEM interest decreases for most students in the 
transition from elementary to middle school (Barmby et al., 2008; Blue & Gann, 2008). These 
gaps and downward trends in science/STEM interest may be explained, in part, by the barriers 
students experience in adopting science as a part of their identities and possible future selves 
(Archer et al., 2010; DeWitt et al., 2013; DeWitt et al., 2014; Wonch Hill et al., 2017).  
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In response to these disparities, we can turn to Self-determination Theory (SDT) to understand 
current shortcomings in science/STEM education. SDT provides a framework for understanding 
three innate psychological needs of students which should be met to maximize students’ abilities 
to adopt science identities and choose science as their future career. My goal in using SDT 
framework is: 1) to determine what educators can do to enable students to feel comfortable 
choosing science careers for themselves, 2) to provide science/STEM educators with an intuitive 
overview of what the literature says about the current science/STEM education being delivered 
as it fits within SDT, and 3) to provide clear and concise examples of how to support students in 
the classroom based on the needs for wellbeing outlined in SDT.  
Theoretical Framework: Self-Determination Theory 
Self-Determination Theory (SDT) states that a student must meet the three innate 
psychological needs of competence, relatedness, and autonomy in order to achieve well-being 
(Deci and Ryan, 2000). In the classroom setting, these needs must be met to allow a student to 
reach their full capacity for growth and learning (Deci and Ryan, 2000). Competence can be 
described as the need for the correct level of challenge and control of the learning environment. 
Relatedness is defined as the need for belonging and a positive relationship with educators and 
peers. Autonomy refers to the need for choice and the freedom to incorporate that choice into a 
student’s identity (Deci and Ryan, 2000). If one or more of these needs are not met, it can lead 
the student to disengage with their learning material and be detrimental to their ability to choose 
science for themselves in their future. 
An important understanding in SDT is that if a student is able to reach psychological 
well-being by fulfilling each of these three needs in their science learning environment, that does 
not necessarily guarantee they will choose science as their future career. Instead, it means they 
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will be able to self-determine if science is the right path for them without having un-met needs in 
the science classroom discourage them. They will have the space to decide if science is what 
they want to do with their lives, or if it is something that is fun and cool, but not what they want 
to pursue for their careers. 
Methods 
An exploratory search was conducted to find existing, substantive research to address the 
research goals. Selection criteria included that the literature pertain to science or STEM 
education directed toward K-12 students. I chose to search for peer-reviewed articles using 
Google Scholar as my search engine. Search phrases included: science or STEM education, 
science or STEM identity, and science or STEM persistence. A secondary search of the literature 
was conducted by reading the references of already-selected papers for studies that could relate 
to my research goals. A third literature review was conducted based on an advisor’s suggestion 
to look for existing research that could: 1) broaden my findings of increased girl science interest 
to increased underrepresented student science interest, 2) provide more evidence on the 
relationships between the three SDT needs, 3) give examples of the effect of diverse role models 
on the three SDT needs, and 4) provide evidence for STEM employment currently in the United 
States. 
 I identified and saved several peer-reviewed journal articles that could potentially be used 
in my exploratory, systematic literature review to create a cohesive, intuitive framework that 
identifies the most important factors involved in individuals’ decision-making when thinking 
about entering science careers. To select which studies to include, I read the titles and abstracts 
and selected papers based on their relevance to my research goals. I selected studies with a 
variety of research methods and data collection methods, including quantitative and qualitative 
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studies. This gave me a broader range of research to review and consider. After selecting articles 
based on titles and abstracts, I read each study to determine its inclusion in my literature review, 
again based on its relevance to my research goals. 
 I used Zotero to organize and code each article. I added short quotes and summarized 
findings from each paper in the notes section of Zotero. I added tags to each paper based on 
which variables were considered and which over-arching concepts were addressed. Common 
tags included gender, transition from elementary to middle school, science role models, science 
confidence, and science identity. Finally, I reviewed the main findings of each study and 
searched for patterns. Once patterns were identified, findings were organized using SDT. 
Results 
Findings from each study could be categorized using the three innate psychological needs 
identified by SDT: competence, relatedness, and autonomy. Findings were related to the 
theoretical framework in one of three ways: 1) as an output related to science career self-
determination, 2) as an input that directly increases or decreases the feelings of competence, 
relatedness, and autonomy in students, and 3) as evidence of the relationships between the three 
needs. Below, I will give an overview of each SDT concept, including the inputs and outputs of 
each concept as they relate to science/STEM education, followed by the relationships between 
these SDT concepts. These findings are also organized in Figure 1. 
Figure 1 
Findings in the literature as they relate to Self-Determination Theory. 
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Competence 
As defined by Palmer-Wackerly and Krieger (2014), competence is “a need for challenge and the 
ability to control an environment.” Findings revealed that competence was a key factor in 
students’ decision to pursue a STEM career. The factors that resulted from students’ increased 
perceptions of competence were: 1) persistence in STEM (Grau Talley and Martinez Ortiz, 
2015), 2) choosing a STEM major (Grau Talley and Martinez Ortiz, 2015), and 3) the desire to 
be a scientist (Wonch Hill et al., 2017).  
Inputs 
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Factors that increased students’ perceptions of competence are related to students 
experiencing an appropriate level of challenge from science/STEM activities and feeling a sense 
of control in their learning of science/STEM. These positive factors were: 1) challenging nature 
of STEM, 2) growth mindset, 3) science experiences outside the classroom, 4) engaging science 
activities, and 5) exposure to diverse role models showing you can do anything you put your 
mind to. Two negative factors were also identified, which were: 1) fixed mindset and 2) use of 
misleading questions. 
Grau Talley and Martinez Ortiz (2015) found that one major factor undergraduate women 
in STEM identified as contributing to their perceptions of competence in STEM was the 
challenging nature of STEM combined with a personal drive to succeed. This directly points to 
the need of students for an appropriate level of challenge to keep them engaged in STEM 
activities. The mention of personal drive points to the idea that students need to feel some sense 
of control over their success––the feeling that if they put enough effort into their work they can 
succeed. 
 Also contributing to the sense of control over one’s environment is having a growth 
mindset. A growth mindset is the belief that you can get better by putting in effort to succeed in 
the sciences. Wonch Hill et al. (2017) found that having a growth mindset led to decreases boy-
science bias, which is the belief that boys are innately better at science than girls. Therefore, if a 
student sees their abilities in science as something within their control that they can work 
towards improving, they are more likely to understand that science is a possible career they could 
pursue. This also decreases the barrier some girls experience viewing science as an innately male 
subject. 
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 A recurring pattern within the literature indicated that participation in STEM experiences 
outside the classroom, including STEM afterschool clubs and summer programs, increased 
student confidence in their STEM abilities. An increase in competence could be seen in all 
students participating, but especially in students from under-represented groups in STEM. For 
example, one study conducted found that their 2-week computer science and engineering 
summer program for rural, middle school students from low socioeconomic backgrounds led to 
increases in confidence in STEM (Naizer et al., 2014). Another study found that girls’ 
participation in a space afterschool club led to an increase in their confidence in science 
(Solberg, 2018). One explanation for these positive impacts of STEM curriculum outside of the 
classroom is that these programs have created a space for students to control their learning 
environment. Many of these STEM activities feature hands-on, inventive challenges that allow 
students to decide how they will tackle the problems posed by facilitators. Shernoff (2010) 
showed that quality afterschool programs led to positive academic outcomes in students, which 
could also increase their confidence in themselves and the feeling that they do have the ability to 
succeed in STEM. 
The last positive input for competence found was exposure to diverse STEM role models, 
which reinforced that students could do anything they set their minds to (Steinke et al., 2021). In 
this study, students watched videos with STEM role models of different gender and racial 
identities. After watching the videos, one student explained: 
I liked Katherine Johnson because she was brave and she was smart. I like how she 
showed off all the men that were in the room. That you should be you and you can do 
anything that you put your mind to (scientist or not). (Steinke et al., 2021) 
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As this student pointed out, seeing diverse role models reinforces the belief that any student––of 
any identity––can do anything they want to do with their careers, indicating a feeling of 
competence in STEM. 
 The first negative factor that will be discussed is the fixed mindset. A fixed mindset is the 
belief that you are born either with or without the ability to succeed in science. Wonch Hill et al. 
(2017) found while a growth mindset decreased boy science bias (as explained previously), a 
fixed mindset increased boy science bias. If students believe that they have to be born with the 
ability to be a scientist, they will not believe that they have the ability get better at science 
through hard work and determination, ultimately decreasing their sense of competence in 
science. This fixed mindset not only decreases competence, but also increases the belief that 
science is “for boys” more than it is “for girls,” which was found to be harmful for both boys and 
girls (Wonch Hill et al., 2017). 
 The second negative factor found in the literature is the negative impact that misleading 
questions can have on students’ confidence. Roebers (2007) found that when students are asked 
misleading questions about recently learned material, they experience a decrease in confidence in 
their science abilities. For example, think about students who have just finished a lesson in which 
they learned that energy flows and matter cycles in an ecosystem, and a teacher were to then ask 
the students “today we learned that energy cycles and matter flows in an ecosystem, right?” This 
misleading question would be confusing to students and decrease their certainty in what they 
learned. While some teachers may think of misleading questions as a way to quiz students or to 
test for understanding, evidence from this study suggests otherwise. Roebers (2007) recommends 
that teachers do not ask misleading questions to their students, otherwise educators risk 
negatively impacting their perceptions of competence in the classroom. 
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Relatedness 
Relatedness is “the need for connection with others” (Palmer-Wackerly & Krieger, 
2014). Findings in the literature indicated that relatedness is also a key factor in students’ self-
determination of STEM careers. The two factors that resulted from students’ increased 
perceptions of relatedness were: 1) science interest (Heaverlo, 2011; Hoffman et al., 2021) and 
2) STEM persistence (Grau Talley and Martinez Ortiz, 2015). 
Inputs 
The inputs of relatedness fell within the categories of with building relationships with 
educators and peers as well as identifying role models in the field. These inputs included the 
following: 1) positive relationships with science educators, 2) engagement with peers of similar 
identities, and 3) having a STEM role model. 
Several studies cited the importance of students creating positive relationships with their 
teachers, club leaders, or other STEM educators (Heaverlo, 2011; Hebets et al., 2020; Schilling 
& Pinnell, 2019). By fostering positive relationships between educators and students, students 
can feel a sense of belonging in the classroom and trust in their educators that is crucial for a 
healthy learning environment. 
 Other studies focused on the importance of students building relationships with their 
peers, particularly peers with similar identities as their own. Efforts to build these relationships 
found in the literature included a single-sex engineering camp (Schilling & Pinnell, 2019), an 
aerospace science afterschool club for elementary school girls (Solberg, 2018), a girl’s 
engineering exploration day in elementary school (Bastiaan & Bastiaan, 2019), and a 2-week 
computer science and engineering summer program for rural, middle school students from low 
socioeconomic class (Naizer et al., 2014). While these studies did not directly measure feelings 
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of relatedness or belonging in each of these programs, they stressed the benefits of supporting 
students of similar identities through targeted STEM programs. These programs allow students 
who are often under-represented in STEM to make connections with other students with similar 
identities and begin building a community centered around an interest in STEM. 
 The final input uncovered in the literature was the positive impact that having a STEM 
role model (Grau Talley and Martinez Ortiz, 2015; Naizer et al., 2014). STEM role models in the 
literature included teachers and family members. For example, Grau Talley and Martinez Ortiz 
(2015) interviewed a student who described the influence of her brother’s participation in a 
science fair as triggering her interest in science: 
I have an older brother who was in a science fair and created an amusement park out of 
K’NEX and I thought it was so cool! The Ferris wheel moved. Also, I really loved 
Rollercoaster Tycoon. I spent hours designing. I knew I was an engineer right there. 
Playing that I knew that I was going to be an engineer.  
It is important that students are able to identify members of the STEM community they can look 
up to. Role models can help students make connections to others in the STEM community and 
possibly become a member of the science community themselves. 
Autonomy 
Palmer-Wackerly and Krieger (2014) define autonomy as “an individual’s need for 
freedom and willingness to perform a task and incorporate it into one’s personal identity.” 
Findings indicated that autonomy was a key factor in increasing science career self-
determination in students. The factors that resulted from students’ increased perceptions of 
autonomy were: 1) students adopting aspirations in science (Dewitt, 2013) and 2) choosing a 
STEM major in post-secondary education (Grau Talley and Martinez Ortiz, 2015). In addition to 
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these inputs and outcomes, autonomy is unique among the SDT concepts because findings 
indicate that students who are female who have met their needs for autonomy will adopt their 
science identities differently that male students, either as feminine scientists or blue-stocking 
scientists. 
Inputs 
Factors that increased students’ feelings of autonomy included 1) early personal 
experiences with science, 2) creating space for students to adopt an initiative mindset, 3) diverse 
STEM role models and reinforcing the idea that anyone can be a scientist, 4) giving students the 
opportunity to take ownership of their science learning, 5) knowledge of career options, and 6) 
broader view of STEM’s role in society. 
The Grau Talley and Martinez Ortiz (2015) study identified that undergraduate woman 
attributed early personal experiences with science as a key factor in their adoption of their 
science identities. Science identity is the inclusion of science into how a person views 
themselves and understands who they are as an individual. This is an essential component of 
autonomy, because if a student does not form a science identity, it is very unlikely that they will 
feel that science is a possible choice for their futures (Archer et al., 2010). 
 A foundational article by Larson (2000) further supports that experiences with science, 
particularly voluntary experiences outside of the classroom, can increase feelings of autonomy in 
students. Larson (2000) explains that when students engage in activities that are voluntary, 
structured, and goal-oriented, it gives students the space and support to adopt an initiative 
mindset. Larson (2000) defines initiative as “the devotion of cumulative effort over time to 
achieve a goal.” Feelings of initiative fit well within the concept of autonomy, because the need 
for autonomy includes the “need for freedom and willingness to perform a task” (Palmer-
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Wackerly and Krieger, 2014). Allowing students to engage in STEM activities of their choice––
not those they are forced to join––can therefore support their freedom of choosing to participate 
in STEM and result in increases in autonomy around STEM. 
 Further contributing to the aspect of freedom within autonomy is the act of reinforcing 
the idea that anyone can be a scientist, no matter their gender, race, nationality, etc. For example, 
a study by Hebets et al. (2020) found that incorporating a lesson within a semester-long science 
afterschool club to communicate that anyone can be a scientist correlated with increases in 
science identity in club participants. Steinke et al. (2021) found that showing science videos with 
diverse role models showed students that anyone can be a scientist, opening up the possibility of 
adopting a science identity. One student interviewed by Steinke et al. (2021) said: 
You don't really have to have the crazy white hair and be a boy. There are some girls in 
career fields that sound like something that I could do. You don't have to have the highest 
GPA or the non-social personality you can still be the same person. Anybody can be a 
scientist, not just a specific type of people. 
It is important for students to understand that while there may be societal barriers to entering 
STEM for certain underrepresented groups, science is an option that is open to them. 
 The same study found that giving students the opportunity to take ownership of their 
learning also positively influenced their science identities (Hebets et al., 2020). This was 
accomplished by having students showcase what they learned in their afterschool club to their 
family and friends at the end of their clubs. To prepare for the showcase, students had time to 
reflect on what they learned and how they can show their learning to their families. This 
reinforces that they are students who can succeed in a science setting and encourages students to 
adopt science into their personal identities. 
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 Another action that can be taken to support students’ adoption of STEM identities is 
educating students on career options available in STEM fields (Grau Talley and Martinez Ortiz, 
2015). By educating about career options that exist beyond stereotypical STEM careers, 
educators can show students that there is space for more than just the stereotypical STEM 
student. This can increase the freedom in choice students feel within the STEM community and 
give them the opportunity to adopt STEM identities. 
 The final input found in the literature was that adjusting students’ views of the purpose of 
STEM, more particularly engineering, to include improving human welfare had positive impacts 
on women in engineering (Schilling & Pinnell, 2019). By widening the understanding of 
engineering to include human welfare, the field may appeal to more people with different values 
and personal goals. While engineering is inherently creative and concerned with human welfare, 
this is not always the aspects of engineering that are emphasized to students and the general 
public. Highlighting these parts of engineering may make it easier for students to integrate 
engineering into their personal identities, especially if those identities include interest in human 
welfare.  
Female Science Identities 
An important aspect that arose within the literature review had to do with how girls and 
women perform their science identities in relation to their female identities. Archer et al. (2012) 
found that girls who are interested in pursuing science and adopting science identities feel like 
they must balance their science identities with their feminine identities. They found that females 
balanced these identities in one of two main ways: either 1) as “feminine scientists” or 2) as 
“bluestocking scientist.” Feminine scientists are “characterized by attempts to ‘balance’ an 
identification with science with performances of ‘appropriate,’ ‘restrained,’ and not excessive 
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heteronormative femininity” (Archer et al., 2012). For example, an interview with one of the 
girls’ parents from this study explained that while her child likes science and performs well in 
science, the parent thinks “it’s quite nice that she’s quite normal as well, so she likes Avril 
Lavigne and the fact that she’s kind of like… seems to be quite into fashion” (Archer et al., 
2012). This statement details the tension that some students (and their parents) might feel 
between their science identities and female identities. Feminine scientists navigate this tension 
by showing interest in science while also showing interest in stereotypically feminine things, like 
pop culture and fashion. 
 The second category described in this study is “bluestocking scientists” who “constructed 
themselves (and were described by their parents) as ‘nongirly’ and preoccupied with academic 
success” (Archer et al., 2012). For example, a mother described her daughter’s peer group in this 
way: “You know, they’re all into science,… they’re all academic children, they’re not into 
fashion or boys or… its none of that” (Archer et al., 2012). This exemplifies how some see 
science identities as contrary to stereotypical female identities. Bluestocking scientists 
acknowledge this contrast in identities and choose to emphasize their science identities, which is 
perceived by others to be “nongirly.” 
 The need for female students to balance their female and scientific identities may pose a 
serious barrier to girls entering STEM. Archer et al. (2012) explain that “These narrow 
discursive spaces leave little possibility for other girls (e.g., working-class and/or other minority 
ethnic girls…) to imagine future science careers as “for me.” This is another reason that it is so 
important for educators to emphasize that anyone can be a scientist and to expose students to 
diverse role models in STEM. 
Relationships Between Competence, Relatedness, and Autonomy 
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The findings above give insight to the outcomes of meeting the psychological needs 
outlined by SDT (competence, relatedness, and autonomy) and the unique factors that can help 
science educators meet those needs. However, each of the SDT concepts do not stand alone, in 
isolation from one another. Instead there are interconnected relationships between these 
concepts, showing that by meeting one need, another need may be positively affected, as well. 
These relationships are outlined in figure 1 and will be further explained in this section. 
Competence and Relatedness 
Effect of competence on relatedness. This was the only relationship between the three 
SDT concepts that was not found in the literature, making the arrow in Figure 1 between 
competence and relatedness uni-directional. In other words, competence in science did not seem 
to affect relatedness with people in science; however, I found evidence to suggest that 
relatedness with people in science affected perceptions of competence in science. This 
unidirectional relationship will be discussed further in the “Limitations and Future Directions” 
section of this review. 
Effect of relatedness on competence. Relatedness was found to have a positive effect on 
competence through positive relationships with science educators. Estrata et al. (2018) found that 
quality mentorship predicted science self-efficacy (which is the belief that one can achieve a goal 
or task), an important aspect of competence. Similarly, Schilling and Pinnell (2019) found that 
having active and engaged facilitators at an engineering camp have positive effects on self-
efficacy of campers. Further supporting this relationship, Heaverlo (2011) found that positive 
teacher relationships increase girl science confidence, and more generally, Hebets et al. (2020) 
found that all students who developed positive relationships with their science club leaders had 
increased feelings of science confidence. These results could be due to the encouragement and 
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support offered by educators who have created positive relationships with their students, helping 
them feel more confident in their science abilities.  
 Another aspect of relatedness that has a strong impact on competence is the feeling of 
belonging (sense of fitting in or having a place among peers). Veilleux et al. (2013) conducted 
interviews in which students shared how a sense of belonging has increased their feelings of 
competence: 
Let’s say that you do bad on a midterm and you’re thinking, ‘Oh, maybe I shouldn’t have 
taken this class. Maybe I should have studied better.’ But when you’re supported by your 
peers when you’re down about it, that actually helps bring you back and helps you be 
able to come back and take the second midterm and then ‘destroy’ [do well on] it pretty 
much. It’s more or less a confidence builder and support. 
Hoffman et al. (2021) support this finding through surveys, which indicated that belonging in 
STEM programs increased science efficacy. As the quote from the student interview shows, 
students who have strong relationships with their peers and feel a sense of belonging in science 
classrooms can be supported by those peers and therefore experience a confidence boost about 
their science abilities.   
Competence and Autonomy 
Effect of competence on autonomy. Positive effects of competence on autonomy were 
found in the literature. Wonch Hill et al. (2017) found that increased science confidence is 
positively associated with science-possible self (an indicator of autonomy which encompasses a 
person’s view of whether or not there is a chance they could become a scientist in their future). 
This could be because when students feel confident in their science abilities, they could see 
themselves actually becoming scientists. The effects of competence on autonomy were further 
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supported by Grau Talley and Martinez Ortiz’s (2015) survey of undergraduate women in STEM 
in which the women were asked to identify factors that have increased their STEM identities 
(another aspect of autonomy). This study found that hands-on learning (an aspect of competence) 
led to positive STEM identity. 
Effect of autonomy on competence. The opposite relationship was also found in the 
literature––establishing autonomy among students in STEM was found to also positively 
influence students’ feelings of competence in STEM. Hebets et al. (2020) found that along with 
marked increases in science identity from encouraging students to take ownership in their 
science learning and reinforcing that anyone can be a scientist, students also showed a marked 
increase in science confidence. This could be due to the fact that these activities allow students to 
establish autonomy in science. Once they establish autonomy, they may outwardly show their 
science identities, which if received well, could increase their confidence in their science 
abilities.  
 Another study found that along with increases in science identity caused by early 
personal experiences with science, students also showed increases in science confidence from 
these events (Grau Talley and Martinez Ortiz, 2015). This could be due to the similar reason that 
students feel reinforced when they adopt their science identities, therefore their science 
confidence increases. 
 The final effect of autonomy on competence I will discuss is the finding of positive 
impacts of an engineering camp on women in engineering, which showed that viewing 
engineering as inherently creative and concerned with human welfare leads to positive self-
efficacy of women in engineering (Schilling & Pinnell, 2019). An increase in self-efficacy in this 
situation could be due to the idea that if the goals of engineering can be easily integrated into 
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one’s personal identity, that integration can increase the belief that they could succeed in that 
field. 
Relatedness and Autonomy 
Effect of relatedness on autonomy. Relatedness was found to also have a positive impact 
on feelings of autonomy. Having a STEM role model (an input of relatedness) was found to 
increase feelings of STEM identity (Grau Talley and Martinez Ortiz, 2015; Naizer et al., 2014). 
This can be explained by the adoption of a STEM identity in response to feeling a sense of 
belonging in the STEM community. Hebets et al. (2020) found that positive relationships with 
club leaders led to not only increased science identity, but also increased science identity. This is 
evidence that encouragement from STEM educators can impact autonomy by giving students the 
space to adopt a science identity if they choose to do so. 
Effect of autonomy on relatedness. The final relationship between the three SDT concepts 
is the finding that feelings of autonomy can increase feelings of relatedness. Chen et al. (2020) 
found that a strong science identity adopted by a student from an underrepresented group in 
science can bolster that student’s sense of belonging in science courses. This is because the more 
a student feels that they are a science kind of person, the more that student will feel that they 
belong in science classrooms. 
Attitude 
One pattern that emerged in the data that did not fit within the theoretical framework of 
SDT was student attitudes towards STEM. Conflicting patterns emerged within this topic of 
study. Some research results pointed to the conclusion that positive attitudes towards science had 
direct positive impacts on self-determination in science, such as persistence in science (Grau 
Talley and Martinez Ortiz, 2015), increased aspirations in science (Dewitt, 2013), and future 
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participation in science (Barmby 2008). On the other hand, studies with specific interest in 
attitudes towards science have found that high science attitude does not correlate with high 
science identity (Archer, 2010). Further, one study found that while science attitudes decrease 
with age in girls, science attitudes among all students still remain relatively high throughout K-
12 (Blue & Gann, 2008). 
I propose that attitudes towards science tend to be high overall, but it is the aspects of 
self-determination theory that must be employed to get students to actually be willing and able to 
choose science as their passion. As one study survey indicates, 
Even though 40% of students agreed that they would like to study more science in the 
future, 29% would ‘like to have a job that uses science’ and 31% even think they would 
be capable of being good scientists, only 17% agreed that they would like to ‘become a 
scientist’ (Dewitt 2013). 
This is evidence that many students enjoy their science classes in school and think of 
science as an important subject and a respectable career field to pursue. However, even with 31% 
feeling competent in science, they do not seem to connect these attitudes to ‘becoming a 
scientist’. Thus, based on the above evidence, I propose that one or more of the three self-
determination needs is going unmet while students consider becoming a scientist. This is where 
self-determination theory can be employed to bridge the gap between students who have high 
attitudes toward science and students who see science as a viable career option. 
Discussion 
While meaningful research has been conducted on the topic of science/STEM education, 
it is not realistic to expect science/STEM educators to read each new study published and 
integrate those findings into their classroom. To best support these educators, I have taken 
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existing research and organized it into an existing theoretical concept that can be applied in the 
classroom or other learning space. I have presented concrete examples of reasonable steps that 
can be taken to support each of the three innate psychological needs identified by SDT––
examples that have been pulled from the existing literature on science/STEM education. 
Applied Implications 
There are currently approximately 9.6 million individuals employed in STEM 
occupations in the United States and that number is projected to increase by 8% in 10 years (U.S. 
Bureau of Labor Statistics, 2020). The median annual wage for people individuals in STEM 
occupations in 2019 was approximately $86,980 compared to $38,160 for non-STEM 
occupations (U.S. Bureau of Labor Statistics, 2020). While these statistics show how viable 
STEM career options are, many students to not see themselves as “science people” and exclude 
themselves from STEM career options. Pew Research Center (2018) reports that: 
Black and Hispanic workers continue to be underrepresented in the STEM workforce. 
Blacks make up 11% of the U.S. workforce overall but represent 9% of STEM workers, 
while Hispanics comprise 16% of the U.S. workforce but only 7% of all STEM workers. 
And among employed adults with a bachelor’s degree or higher, blacks are just 7% and 
Hispanics are 6% of the STEM workforce. 
There are also inconsistencies in representation by gender in STEM, with a higher portion of 
women holding jobs in health care and a much lower portion holding jobs in computer science 
and engineering fields (Pew Research Center, 2018).  
 To address these gender and racial gaps, as well as ensure all students have a fair chance 
at deciding for themselves if STEM is for them, I suggest looking into how SDT can supplement 
STEM education and outreach. An important aspect that SDT emphasizes is psychological well-
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being. Traditional science/STEM education tends to focus on the curriculum itself, teaching the 
knowledge and processes behind science/STEM (i.e., competence). I argue that it is essential to 
support students in their psychological growth (i.e., relatedness and identity) in the subject, as 
well. This may help bridge the gap for students of underrepresented groups who feel out-of-place 
in the science/STEM community. By supporting these students in their feelings of competence 
(i.e. science confidence and self-efficacy), relatedness (i.e. belonging), and autonomy (i.e. 
science possible self, self-concept, and science/STEM identity), we may be able to remove 
barriers to their entrance to science/STEM careers. 
As mentioned in Dewitt’s study (2014), promoting a wider image of scientists could lead 
to an increase in science identity among students. It is important to realize that some students 
may have an understanding of scientists as people wearing white coats in a lab conducting 
experiments, but the science field includes so much more than this. Students may also see males 
overrepresented in science and think that it is a field more geared for men. However, if we can 
give students examples of people of different racial and gender identities, we can help students 
imagine themselves as possible scientists. 
 The other suggestion for science educators is that they consider how they talk about 
gender in their classrooms and how they talk about things that are “girly” vs. “nongirly”. Archer 
et al. (2012) argues that gender deconstruction activities could help girls understand that they do 
not have to reconcile their science identity in contract to their female identity. Instead their 
identities as female and as scientists can work together and do not have to be contrasting one 
another. An identity as female does not have to be seen as contrary to an identity as scientific, 
and vice versa. 
Limitations and Future Directions 
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This review took into account 23 peer-reviewed articles over science/STEM education 
and outreach and SDT, and therefore is limited in scope. While this review gives a good snapshot 
into existing literature as an exploratory study, it is not comprehensive. It is also important to 
note that I did not code the research with the goal of saturation. Therefore, future research on this 
topic could include a comprehensive review of the literature as well as primary studies 
specifically interested in measuring the needs outlined by SDT along with the inputs, outputs, 
and interrelatedness of these needs. 
 It is also worth mentioning that while I did not find a bidirectional relationship between 
relatedness and competence and between relatedness and autonomy, there is a chance that this 
relationship is bidirectional. More literature would have to be reviewed or more research would 
have to be conducted to test whether these relationships are indeed unidirectional or are instead 
bidirectional. 
 Finally, I think it would be beneficial to create professional development for educators 
based on these findings. The professional development should be in a format that makes it 
accessible to as many teachers as possible (i.e. inexpensive, simple, and action-centered). This 
professional development could be given not only to STEM teachers, but also to educators 
outside of the classroom, such as STEM club leaders, STEM mentors, and parents. This 
professional development could bridge the gap between the existing science/STEM education 
literature (which often gets lost in dense jargon-heavy journals) and the educators (who are often 
not reading academic journals) working with our youth today.    
Conclusion 
The goal of this literature review was threefold. First, I wanted to determine what educators can 
do to enable students to feel comfortable choosing science careers for themselves. Secondly, I 
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wanted to provide science/STEM educators with an overview of what the literature says about 
the current science/STEM education being delivered as it fits within SDT. Finally, I wanted to 
provide clear and concise examples of how to support students in the classroom based on the 
needs for wellbeing outlined in SDT. This review organizes the existing literature to support 
educators in understanding how to meet the psychological needs of their students and shows the 
positive impact that can have on students pursuing science/STEM careers. By teaching 
science/STEM material while also implementing steps to support students’ feelings of 
competence, relatedness, and autonomy, we may be able to bridge the gender and racial gaps that 
exist in science/STEM while also increasing the percentages of students who see science/STEM 
as a viable career path for themselves.  
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